The report reflects an agreement based on the consensus conference of the International Standardization Committee on the Objective Assessment of the Nasal Airway in Riga, 2nd Nov. 2016.
Introduction
The consensus conference dealt with the validity of objective measurements of the nasal airway. Participants included members of the International Standardization Committee on the Objective Assessment of the Nasal Airway (ISCOANA) and experts from Austria, Germany, Greece, Italy, Norway, Latvia and Ukraine, representing physics, mathematics, statistics, fluid dynamics, biotechnology and clinical rhinology. The consensus conference to update nasal function tests was necessary because some of the diagnostic procedures currently in use in rhinology no longer fulfil the requirements of quality management for medical devices. In addition, recent studies critically evaluating techniques for nasal airway assessment have not addressed technical progress in this field in recent years and the resulting experimental work, which has a great impact on daily practice (1) .
The experiments of Wong and Eccles are not fully representative, because the artificial resistance units did not resemble the elasticity of the human nose, which includes skin, cartilage, connective tissue, mucosa and mucociliary epithelia. The elasticity of the nasal vestibule and the nasal cavity has an impact on nasal obstruction in all four different breathing phases (2) . All medical devices must comply with regulations concerning general stateof-the-art techniques and information technology. It was necessary to achieve an agreement on the accuracy of rhinomanometric measurements in the first part of the conference and, in the second part, to consider the strength of evidence and measuring conditions of other methods such as acoustic rhinometry (AR), peak nasal inspiratory flow (PNIF), optical rhinometry, mirror test and 24h-measurements as tools in practice and research. The experience of nasal obstruction is one of the most common issues in rhinology as summarised recently in an editorial (3) .
Part I: Update on standard recommendations for rhinomanometry

Moderator: Klaus Vogt
Speakers: Klaus Vogt/Germany and Latvia; Alina Nechyporenko/ Ukraine, Franz Peters/Germany; Andreas Lintermann/Germany
Updated Standard for Rhinomanometry 2016 (Riga
Standard)
In the systematic discussion of the previous standard for rhinomanometry, three issues were presented in detail because of their relationship to accurate measurements or evaluation with rhinomanometry: first, information on loops in the pressure-volume flow diagram of rhinomanometry obtained with extended model experiments (4) ; secondly, the relationship between CFD and rhinomanometry (5) ; and thirdly, the derivation of the hydrodynamic resistance coefficient (6, 7) .
The standard recommendations determined during this meeting are an update to the 1984 recommendations of the ISCOANA (8) and the 2005 "Consensus report on acoustic rhinometry and rhinomanometry", including the addendum to that report (9) . The recommendations concern active anterior rhinomanometry (AAR) and active posterior rhinomanometry (APR) with the restrictions for APR outlined below. 
B. Calibration intervals.
The first calibration of the rhinomanometer must be carried out by the producer. Recalibration intervals must be specified in the user's manual. (11) (12) (13) . Physical effort rapidly diminishes nasal resistance. Airway resistance is markedly elevated in the supine position. Nasal resistance is lower during growth; the influence of age between 6 and 15 years can be estimated by correlation with anthropometric data.
Comment
F. Graphical information.
The relationship between pressure difference ∆P and volume flux is depicted in Figure 1 (Consensus report 2005, Figure 36 ).
The lengths of the x-axis and y-axis must provide all information in the physiological range of 1000 cm 3 /s and 1000 Pa. "Radius 2" as part of the polar coordinate system of Broms can be depicted as additional information (14) . The flow at 150 Pa can be indicated by a dashed line. A proportional dynamic extension of the range can be implemented, if the standard range does not depict the full range of the actual measurement.
To better understand time-dependent changes and to identify measurement errors separately for each measurement channel, it is useful to add an additional graph depicting the timeline of flux and pressure difference (Figure 2 (4) .
Asymmetric loops provide important additional visual information indicating the influence of elastic compartments such as the nasal valve and the soft palate (Starling resistor).
C. Fixation of the pressure tube.
Fixation of the pressure tube should not affect the shape of the nasal entrance and should not restrict its motility during measurement. Therefore, adhesive tape remains the standard for fixation. Other types of connection should be checked against tape fixation (8, 9) . The tightness of the tape must be checked prior to measurement by closing the contralateral nostril with a lateral finger press, by blocking the silicone pressure tube, and by asking the patient to close the lips and to both inhale and exhale. Rarely, it is impossible to fix the pressure tube in an air-tight manner. In this case, fatty skin or make-up has to be cleaned and/or a few millimetre of the moustache or beard has to be shaved next to the nostrils. 
Comment
E. Measurement conditions.
Ingestion of alcoholic beverages is not allowed 16 h prior to measurement. This applies to all objective measurements. When in doubt, a blood sample must be taken to verify that the alcohol level is below 0.1 mg/g (alternative 0.1 ‰) (10) . All objective measurements must be made under standardized indoor measurement conditions. The indoor temperature must be between 18 and 35 degrees Celsius and the humidity must be at least Effective resistance is closely related to "surface under tracing" as described by Naito et al. (15) .
Many studies have shown that rhinomanometric one-point measurements and linear effective resistance are only weakly or not at all correlated with the feeling of nasal obstruction(16). Extended contradictory clinical studies have shown that according to the
Weber-Fechner law the logarithmic effective resistance and logarithmic vertex resistance correlate significantly with subjective scores as measured on a visual analogue scale (11, 16) .
Based on 36,500 active anterior rhinomanometry measurements and 10,030 measurements of calculated total resistance, a clinical classification for nasal obstruction in increments of 20% is now available for Caucasian noses (Table 1).
Additional numerical parameters:
Additional parameters can be included in the rhinomanometer software, if the derivation or algorithms of the parameters are published and reproducible by anyone on demand. The clinical meaning and relevance of new parameters must be validated in clinical studies. The parameters listed in Table 2 (17) . (14) . Neither vertex resistance nor peak flow resistance in rhinomanometry is related to or comparable with PNIF. (6, 18) . The hydrodynamic resistance coefficient is a dimensionless coefficient, which takes into account laminar and turbulent regimes of flow.
The calculation of total nasal resistance with the equation for parallel electric resistors is estimated, because of the unknown role of the nasopharynx. However, this calculation is more reliable than the measurements of posterior rhinomanometry because that method is limited by the cooperation of the
The hydrodynamic resistance coefficient may be considered as a new classification of nasal obstruction, independent of racial differences in nasal shape, for the investigation of different nasal activities (calm breathing, breathing during physical exertion, influence of nasal cycle)
Hydrodynamic resistance coefficient and vertex resistance are highly correlated.
With resistometry both resistance and hydraulic diameter
were shown to distinguish healthy from rhinologic patients in a prospective cohort study. Reference values were determined and published (19) . The clinical value of this information has been demonstrated in a prospective case series with a 1-year follow-up (20, 21) . (22) . The clinical impact of this information is limited because performance and work depend on the depth of a breath (57) .
Part II: Diagnostic strength of nasal airway function tests
Moderator 
1) Active anterior rhinomanometry (AAR).
The topic was extensively discussed in the first session. Incre- By choosing correct parameters, a direct relation to CFD measu- (12) . (23) .
Unilateral
The correlation between objective and subjective measures on the nasal airway is still a complex issue and many studies did not find a significant correlation (24) .
However, the first study following consensus-based standards for the selection of health measurement instruments (COSMIN)
concluded, that the Glasgow health status inventory (GHSI), the Glasgow benefit inventory (GBI), PNIF and 4-P AAR all scored appropriately on content validity and reliability and only the GHSI scored well on responsiveness (25) .
2) Peak nasal inspiratory flow.
Peak nasal inspiratory flow can be measured by the Youlten peak flow meter. This is a portable, passive, light and re-usable device, connected to a sterilized face mask.
Described for the first time by Benson in 1971, the correlation between PNIF and both AAR and PEF has been shown already in 1991 (26) . Recent studies have compared PNIF with AAR using statistical correlation tests with the confirmation that a significant correlation exists (27) . The reproducibility has been shown in several studies (28) (29) (30) and its application in functional rhinosurgery resulted in a diagnostic accuracy of 0.72 at a cut-off of 2000 ml/s (120 L/min) (31) . The impact of mask tightness in males with a beard has not been clarified for PNIF measurement so far.
Measurements of bilateral PNIF revealed mean values between
D. Recommendation
Peak nasal inspiratory flow may be used as a fast test and should be supplemented by AR and/or AAR in cases of discrepancy between the symptoms and objective findings. Research about intra-and inter-individual variability is ongoing.
Acoustic rhinometry.
Acoustic rhinometry is a rapid method of determining morphologic changes in the nasal airways. It is based on the reflection of ultrasound waves, directed into the nasal cavity.
A. Specifications
Important parameters are the minimal cross-sectional area found at the mCSA2 and mCSA3 except for the nasal vestibule space at 0 -3 cm 3 of the NCV (37) . In one study on responsiveness, the subjective 11-year satisfaction correlated with AR improvement 3 months after septoplasty in pre-decongestion mCSA1, mCSA2 and mCSA3, using distances of 0-2.2, 2.21-5.4 and 0-5.4
cm, respectively (38) . It could be shown that for low mCSA values a power correlation does exist between mCSA and airway resistance as measured with CFD (39) . The law of Hagen-Poiseuille is also valid for irregular cross-sectional areas. The inter-examiner variation with AR has not yet been quantified.
B. Calibration
The first calibration of the acoustic rhinometer has to be carried out by the producer. Recalibration must be repeated before each measurement.
and 174 L/min in different populations, and it does depend
not only on sex but also on age, height and lung function (32) .
Interestingly, in about 90% of individuals the sum of right-sided PNIF and left-sided PNIF exceeds the value of simultaneous bilateral PNIF; in approximately 10% of individuals the opposite is true. This finding might correlate with ala nasi insufficiency.
Occasionally, either right-sided or left-sided PNIF exceeds the value of simultaneous bilateral PNIF. The only variable that significantly correlates to unilateral PNIF values is height, shown in a modified PNIF value model (33) . The PNIF values do not depend on the body mass index (34) obstruction and asthma (35) .
A. Specifications
The flow is measured as volume/time and the device should 
B. Calibration
Peak nasal inspiratory meters are currently not calibrated at fixed intervals when in use. This may result in inaccurate values because of material breakdown over time. A PNIF meter must be replaced after three years or after 50,000 measurements.
Otherwise, it must be recalibrated by the manufacturer or at a national metrology service every second year with the results and the method of calibration communicated to the hospital administration.
C. Mask
For the mask, see the hygienic requirements for rhinomanometry. The device and the mask must be autoclavable. A bacterial filter is not suitable, as it would not allow for comparison with normal peak flow values. Unintentional exhalation or blowing the nose during an attempt to obtain the first PNIF measurement might contaminate not only the mask but also the
C. Hygiene
The end pieces of the device must follow hygiene standards and must fit to the configuration of the nostril anatomy on each side.
For recalibration, the patient closes the tip of the end piece with a thumb.
D. Recommendation
We feel the definition of the mCSA in AR needs further attention and agreement. Either a fixed distance will be defined, which probably will depend on age and ethnic conditions, or the individual distances will be used. Until a common consensus is achieved, it is of importance to describe in detail the chosen definition of the mCSA in each study. The popularity of AR varies widely in different countries. Whereas in Germany AR is used at some research facilities, in Norway the screening diagnostic approach for nasal airway assessment combines AR and PNIF.
Odiosoft-rhino.
Odiosoft-rhino (OR) is the acoustical analysis of the sound produced by nasal breathing (40) . The system consists of a computer program, microphone, a sound card and a computer.
A. Specifications
The method is an indirect determination/estimation of nasal resistance using a microphone 1 cm next to the nares. A correlation of OR with the results of AAR and VAS has been shown for frequencies between 2 and 4 kHz (41) . The clinical data on the method are limited.
B. Calibration
A calibration for OR is not specified so far.
C. Hygiene
As the microphone is not exposed directly to the nasal airflow, the hygienic prerequisites include a clean microphone and tape, not necessarily sterilised.
D. Recommendation
The advantage of the method lies in the hardware which is not expensive and it does not take more than a few minutes to apply the equipment. Studies on the reproducibility have not been published so far and the responsiveness has not been confirmed by other groups.
Optical rhinometry.
The method is not primarily intended to analyse nasal air flow, but rather uses emission or transmission spectroscopy to evaluate mucosal oedema as indicated by changes in blood flow and light absorption with high reproducibility (42) . (43) .
24h-measurements.
The nasal cycle has been studied for more than half a century (44) .
It remains an open question whether the nasal cycle reflects a central function and/or follows simple gravity conditions (45) .
Initial data indicate that nasal air flow lateralization relates to the sleep stage with REM phases, measured by EEG (46) . Semi-quantitative measurements of nasal breathing have long been a substantial part of polygraphy and polysomnography. The technical principles of these methods are thermistor measurements or pressure measurements; the latter are preferred in sleep medicine (47) . Extended information about the role of the nose during Analysis of long-term measurements must be separated from the influence of physical exertion or body position, which also influences cyclic changes in nasal blood supply.
Computational fluid dynamics.
The development of CFD methods, which can be included in the daily work of an ENT surgeon, is one of the most promising and challenging tasks for the future of upper and lower airway diagnosis. The analysis is based on CT-or MR-imaging data (48) .
As such, this method requires patient exposure to radiation, unless CT has been performed for other indications. Casey et al.
reported on the middle nasal cavity area as a key space with a high correlation for subjective nasal obstruction measured by VAS and nasal obstruction symptom evaluation score (NOSE) (49) .
By means of extraction algorithms the three-dimensional surface of the airway, i.e., the interface between air and tissue, is reconstructed from the corresponding CT data (50) . This surface consists of a set of triangles forming a watertight volume of the region of interest. It serves as a basis to construct a computational mesh for the simulation. This mesh is necessary to approximately solve the governing equations of fluid mechanics, i.e., the Navier-Stokes equations (conservation of mass, momentum, and energy), in their discrete form on computers. LatticeBoltzmann methods (LBM) operating on hierarchical Cartesian meshes (51) have shown to be efficient for the computation of the flow in the nasal cavity (5, 48, 50, (52) (53) (54) . They allow for effective parallelization, easy boundary treatment, and accurate simulation of respiratory flows. The application of adaptive outflow conditions at geometry outlets placed at the pharynx at inspiration in conjuction with second-order accurate no-slip wall-boundary conditions and Saint-Venant-Wanzel inflow conditions at the nostrils allows an in-solve adjustment of the Reynolds number (50) , or in other words, an adaptation of the ratio on inertial to viscous forces. Eitel et al. (50) and Lintermann et al. (5, 52, 53) have shown detailed studies of the nasal airflow using this method and classify nasal cavities by the total pressure loss, wall-shear stress, heating capability, and heat transfer.
While the feasibility of CFD methods is obvious, the transfer to daily practice is closely related to the development of highperformance small computers and standard programs allowing the use of CFD at a reasonable price.
That is, accuracy, which is defined by the mesh resolution and the simulation and modelling method, comes at a defined In the end it needs to be stated that to the best of the author's knowledge, no simulation tool has made its way into daily clinical practice so far, at least any which is capable of finding a reasonable balance between computational costs, high accuracy, and user-friendlyness.
Two further tests should be mentioned as suitable for limited indications:
Mirror test.
This functional assessment is the oldest rhinological test. It is performed with a clean, smooth, preferably cooled surface of at least 5 × 7 cm, placed under both nostrils to determine the size of the fogged area produced by each nostril during exhalation.
Made out of metal, it is autoclavable. The method was extensively described by Hendrik Zwaardemaker from Utrecht and a modified device has been in use since 1901, known as GlatzelSpiegel in Germany. The first documented use of this test appears on a stone wall in southern Italy illustrating its application as a tool to examine a dying woman, dated about 320 BCE. The test is far older than any published medical report on printed paper (55) .
The mirror test is a simple, non-invasive (not even touching the 
Nasometry.
The aim of nasometry is the determination of the cause of nasality in speech rather than evaluation of the nasal airway. (56) .
